Wolf-Rayet (WR) galaxies are a rare population of galaxies that host living high-mass stars during their WR phase (i.e. WR stars), and are thus expected to provide interesting constraints on the stellar Initial Mass Function, massive star formation, stellar evolution models, etc. Spatially resolved spectroscopy should in principle provide a more efficient way of identifying WR galaxies than singlefiber surveys of galactic centers such as SDSS, as WR stars should be more preferentially found in discs. Using Integral Field Unit data from the ongoing SDSS-IV MaNGA survey, we have performed a thorough search for WR galaxies in a two-step method. We first identify H II regions in each datacube and carry out full spectral fitting to the stacked spectra. We then visually inspect the residual spectrum of each H II region and identify WR regions that present a significant "blue bump" at 4600 − 4750 A. The resulting WR catalog includes 267 WR regions of ∼500 pc (radius) sizes, distributed in 90 galaxies from the current sample of MaNGA (MaNGA Product Launch 7). We find WR regions are exclusively found in galaxies that show bluest colors and highest star formation rates for their mass, as well as late-type dominated morphologies and lower-than-average Sérsic indices. We estimate the stellar mass function of WR galaxies, and the mass-dependent detection rate. The detection rate of WR galaxies is typically ∼2%, with weak dependence on stellar mass. This detection rate is about 40 times higher than previous studies with SDSS single fiber data, and a factor of 2 lower than the CALIFA-based WR catalog. We make comparisons with SDSS and CALIFA studies, and conclude that different detection rates of different studies can be explained mainly by three factors: spatial coverage, spectral signal-to-noise ratio, and redshift ranges of the parent sample. We tabulate the WR galaxy properties for future studies. of 25 M or larger. WR stars manifest their existence by presenting a series of broad emission lines in the optical wavelength range such as the broad He II line at 4686Å, produced by their dense stellar winds (Crowther 2007). Due to their small number at birth and short lifetime, WR stars are expected to be a small fraction of the stellar population in a galaxy, and therefore WR galaxies must be a rare population as well.
INTRODUCTION
Wolf-Rayet (WR) galaxies are a rare population of galaxies showing significant feature of WR stars, which were initially identified by Wolf & Rayet (1867) and are believed to evolve from O-type stars with an initial mass The Milky Way is expected to have thousands of WR stars, and several hundred have been detected (van der Hucht 2001) and is presented in a continuously maintained online catalog 1 . Extra-galactic WR features were firstly identified by Allen et al. (1976) in the galaxy He 2-10, which was later termed "Wolf-Rayet galaxy" by Osterbrock & Cohen (1982) . By the end of the last century, a total of only 139 WR galaxies beyond the Local Group were reported (Schaerer et al. 1999 ). Most cases were fortuitous discoveries, and only a few resulted from intentional systematic searches through spectroscopy (Kunth & Joubert 1985, e.g.) or narrowband imaging (Drissen et al. 1993, e.g.) . Thanks to the large spectroscopic galaxy sample from the Sloan Digital Sky Survey (SDSS; York et al. 2000) , the detection and study of WR galaxies have advanced dramatically. Zhang et al. (2007) published the first SDSS-based WR galaxy catalog with 174 WR galaxies from the SDSS Data Release 3 (DR3). Two more catalogs based on later data releases consist of 570 (Brinchmann et al. 2008 , from SDSS DR6) and 271 WR galaxies (Agienko et al. 2013 , from blue compact dwarf galaxies in SDSS DR7), respectively. Despite different selection procedures and criteria adopted in these studies, the fraction of WR galaxies in the SDSS samples has consistently been very small, at the order of ∼0.05%.
The low detection rate of WR galaxis should be partially attributed to the fact that SDSS spectroscopy is limited to the central 1-2 kpc of galaxies. It is natural to expect higher detection rates in outer regions of galaxies considering that star formation occurs more widely in galactic discs than in their centers. Indeed, detection of WR galaxies has advanced in recent years thanks to the Integral Field Unit (IFU) surveys which obtain spatially resolved spectroscopy out to large radii in/around galaxies, thus allowing searches for WR regions across the whole galaxy. (Miralles-Caballero et al. 2016) has recently applied an automated searching procedure to the IFU data from the Calar Alto Legacy Integral Field Area survey (CALIFA; Sánchez et al. 2012a ), identifying 44 WR regions in 25 galaxies out of a total of 558 galaxies at 0.005 < z < 0.03. About one third of the WR regions are located within ∼1kpc from the center of their host galaxies. Both the fraction of WR galaxies (∼ 5%) and the fraction of central WR regions (∼ 1/3) in the CALIFA sample are much higher than the WR galaxy fraction (∼ 0.05%) in the SDSS sample, which cannot be simply explained by the different sample se-lections of the two surveys or the limited spatial coverage of the SDSS single-fiber spectroscopy.
WR galaxies are interesting not only for their rareness. They have been used as unique probes of massive star evolution, ionization origin of ions (e.g. He II) and dense stellar winds in galaxies, thus providing important constraints on stelalr population synthesis models of galaxies. For instance, by analyzing long-slit spectra of 39 WR galaxies, Guseva et al. (2000) found the relative number of WR stars to O stars to decrease with decreasing metallicity, in agreement with evolutional stellar population synthesis models. In addition, it was found that galaxies with He II λ4686 emission do not always present WR features, indicating that WR stars are not the only ionizing source of He II. This finding was confirmed and discussed in Brinchmann et al. (2008) and Shirazi & Brinchmann (2012) . With the first SDSS-based WR catalog, Zhang et al. (2007) performed a comparison of the WR emission of galaxies with theoretical predictions from evolutionary synthesis models following Guseva et al. (2000) , finding that a metallicitydependent variation of the slope of stellar Initial Mass Function (IMF) appears to be necessary in order for the models to agree with the data. Using a larger sample of WR galaxies selected from a later SDSS data release, Brinchmann et al. (2008) found the likelihood of galaxies showing WR features increases with increasing metallicity, although the WR galaxies present a wide range in morphology. In particular, WR galaxies showed an elevated nitrogen-to-oxrygen (N/O) ratio relative to non-WR galaxies, implying a rapid enrichment of the interstellar medium (ISM) from WR winds. IFU data available in recent years have been used to further study the N/O ratio of WR galaxies as supporting evidence for metal pollution from WR winds (e.g. Pérez-Montero et al. 2013; Miralles-Caballero et al. 2014) . The WR catalog constructed from CALIFA by Miralles-Caballero et al. (2016) has revealed the similarity between WR galaxies and Gamma-Ray Burst host galaxies, as well as the importance of binary stellar evolution for modeling the WR emission at low metallicity.
In this paper we present a thorough search of WR galaxies in the ongoing Mapping Nearby Galaxies at Apache Point Observatory (MaNGA; Bundy et al. 2015) survey. As one of the three major experiments of the fourth generation of the Sloan Digital Sky Survey (SDSS-IV; Blanton et al. 2017) , MaNGA is obtaining IFU data for 10,000 galaxies at 0.01 < z < 0.15 selected from the SDSS galaxy sample. We identify our WR galaxies in a two-step method, in which we firstly identify H II regions according to the two-dimensional map of Hα surface brigthness of each galaxy, and then visually inspect the integrated spectrum of each H II region obtained by stacking the original spectra of all spaxels falling in the region. Following previous studies, we classify an H II region to be a WR region if it presents a significant blue bump over the wavelength range 4600 − 4750Å. This bump is a blend of broad emission lines from He II, N III, N V, C III and C IV in stellar winds of WR stars. The ratios among these broad lines vary with the number ratio of carbon-rich WR stars (namely WC star) and nitrogen-rich WR stars (namely WN star). Another signature of WR galaxies is a red bump around 5800Å from broad emission lines of C III and C IV. Normally the red bump is much fainter than the blue bump and other WR features are even fainter than the red bump. Therefore, most searches for WR galaxies including this work have made use of the blue bump signature. Out of the 4621 galaxies from MaNGA Product Lauch 7 (MPL-7), we have constructed a catalog of 90 WR galaxies including a total of 267 WR regions. In this paper we present the identification process of these WR regions, as well as the global properties of the sample. In a parallel paper (Liang et al. in prep) we study the spatial distribution of the WR regions and dependence on galaxy properties.
The rest of the paper is arranged as follows. Section § 2 presents a description of the SDSS-IV MaNGA data and our searching procedure of WR galaxies. Section § 3 presents the catalog and basic properties of our WR galaxies including the mass-dependent detection rate and scaling correlations of mass, color and metallicity. In § 4 we discuss our results and connect them with the litereatue. We summarize in § 5.
DATA AND SELECTION PROCEDURE

Overview of the MaNGA survey
As one of the three core surveys of the SDSS-IV project (Blanton et al. 2017) , MaNGA aims to obtain integral-field spectroscopy for an unprecedented sample of 10,000 nearby galaxies with 0.01 < z < 0.15 over a six-year survey period from July 2014 through June 2020 (Bundy et al. 2015) . MaNGA utilizes the two dual-channel BOSS spectrographs at the 2.5-meter Sloan Telescope (Gunn et al. 2006; Smee et al. 2013) , covering a wavelengh range of 3622-10354Å with a spectral resolution R∼2000, and reaching a target r-band signal-to-noise S/N = 4 − 8 (Å −1 per 2 -fiber) at 1-2 R e (effective radius) with a typical exposure time of 3 hours. MaNGA uses 29 fiber bundles to obtain the IFS data, including 12 seven-fiber mini-bundles for flux calibration and 17 science bundles with five different field of views (FoVs) ranging from 12 to 32 , covered by different numbers of fibers ranging from 19 up to 127.
MaNGA instrumentation is described in detail in Drory et al. (2015) .
MaNGA targets are selected from the NASA Sloan Atalas v1 0 1 (NSA) 2 , a catalog constructed by Blanton et al. (2011) including physical parameters for ∼640,000 galaxies from GALEX, SDSS and 2MASS. Wake et al. (2017) describe the MaNGA sample selection, which was designed and optimized so as to simultaneously optimize the IFU size distribution, the IFU allocation strategy and the number density of targets. The sample consists of three subsamples: the Primary and Secondary samples having a flat distribution of the K-corrected i-band absolute magnitude (M i ) and covering out to 1.5 and 2.5R e respectively. The third subsample, the Color-Enhanced sample selects galaxies on the plane of N U V − i color versus M i that are not well sampled by the Primary sample. Overall, the MaNGA sample covers the stellar mass range 5 × 10 8 M h −2 < M * < 3 × 10 11 M h −2 with a median redshift of z ∼ 0.03.
MaNGA raw data are reduced with the Data Reduction Pipeline (DRP; Law et al. 2016) . The DRP product for each galaxy is provided in the form of a datacube with a spaxel size of 0.5 , and the effective spatial resolution of the datacubes can be described by a Gaussian with a full width at half maximum (FWHM) ∼2.5 . Flux calibration, survey strategy and data quality tests are described in detail in Yan et al. (2016a,b) . For more than 80% of the wavelength range of MaNGA, the absolute flux calibration is better than 5%.
In this work we make use of MaNGA Product Launch-7 (MPL-7), which contains 4688 datacubes for 4621 unique galaxies. The MPL-7 is identical to the MaNGA data included in the SDSS data release 15 (DR15; Aguado et al. 2019) . In addition to the reduced datacubes from the DRP, the DR15 also provides products of the Data Analysis Pipeline (DAP) developed by MaNGA collaboration (Westfall et al. 2019) . The DAP performs full spectral fitting to the DRP datacubes using the MILES-HC stellar spectral library (Falcón-Barroso et al. 2011) , producing measurements of kinematic parameters, emission line profiles, stellar indicies, etc. We use DRP spectra and DAP products as a starting point in our precedure of searching for WR regions, as described in subsection 2.2 below. We also take advantage of the data visualization and access tool of MaNGA Marvin 3 developed by Cherinka et al. (2019) , which includes an online part enabling individual galaxies to be examined quickly and conveniently.
Overview of WR Searching procedure
We search for WR galaxie in a two-step scheme. For each galaxy in MaNGA MPL-7, we firstly identify H II regions using the two-dimensional map of Hα surface brightness provided by the DAP. For each H II region, we stack the DRP spectra of all spaxels falling in the region. Next, we perform full spectral fitting to all the stacked spectra, and we visually insepct the residual spectra to identify WR regions. An H II region is identified to be a WR region if it presents a significant blue bump in the residual spectrum, and a galaxy is identified to be a WR galaxy if it contains one or more WR regions. In the following subsections we describe our searching procedure in detail. We focus on the blue bump WR feature in the searching, and we will discuss other WR features such as the red bump in later sections.
Identification of H II regions
We assume that WR stars are found exclusively in star-forming regions with significant H II emission. Therefore, we start by identifying H II regions from the IFU datacube of each galaxy in MPL-7. WR features are then visually identified from the total spectrum of each H II region, obtained from stacking the original spectra of all the spaxels in the region. As we will show, the stacking significantly increases the spectral S/N, allowing those releatively weak WR feature to be more clearly seen.
We use the H II region finder called HIIexplorer 4 developed by Sánchez et al. (2012b) for the identification of H II regions. The overall workflow of the HI-Iexplorer can be found in Sánchez et al. (2012b, figure 1) . In short, from a given DRP datacube, spaxels with Hα surface brightness ΣHα > Σ peak are picked up in the first place as the central peak of potential H II regions. Next, for each peak spaxel, the spaxels in the vicinity are appended to the region if they meet the following three criteria: 1) Hα surface brightness is substantially high with ΣHα > Σ min , 2) the ratio of its brightness to the central spaxel is substantially high with ΣHα/Σ cen Hα > f min , and 3) its distance from the central spaxel does not exceed r max p . In practise, the algorithm starts with the highest peak with largest ΣHα, and grows it by appending adjacent spaxels that meet the above requirements, before moving on to the highest peak in the remaining map. This process is re- peated until every spaxel in the datacube is assigned to an H II region, or rejected.
This searching procedure guarantees every H II region is roughly centred at the peak value and is roughly round and symmetric. The minimum brightness ratio (f min ) is required so as to make each region roughly coherent, while spaxels rejected due to this requirement may still be appended to other neighbouring regions. In our work the three threshold parameters are empirically set to be Σ peak = 10 39.8 erg s −1 kpc −2 , Σ min = 10 39.5 erg s −1 kpc −2 , f min = 0.1, and r max p = max(1.5 , 500pc). The maximum distance (r max p ) reflects the trade-off between higher S/N from stacking more spaxels in each region and stronger dilution effect to WR signatures with possible inclusion of non-WR spaxels. The typical size of H II regions ranges from a few to hundreds of parsecs (Kennicutt 1984; Garay & Lizano 1999; Kim & Koo 2001; Hunt & Hirashita 2009; Lopez et al. 2011; Anderson et al. 2019 ), so we cannot resolve individual H II regions due to the limited spatial resolution of MaNGA which is ∼2.5 , corresponding to ∼1.5 kpc at the median redshift of MaNGA (z = 0.03). The maximum distance adopted above is comparable to (a half of) the MaNGA spatial resolution. Therefore, each of the H II regions identified from the MaNGA datacubes is actually a mixture of H II emission and the surrounding diffuse ionized gas (DIG). The thresholds in ΣHα ensure that the resulting H II regions are dominated by real H II emission. As Zhang et al. (2017) have shown based on a study of the DIG in MaNGA galaxies, ΣHα can be used to effectively separate H II-dominated regions from DIG-dominated regions.
In total, we have identified about 8000 H II regions distributed in 1155 galaxies, which is ∼25% of the MPL-7 galaxy sample. In what follows, these galaxies will be called "star-forming galaxies" and their H II regions will form the parent catalog from which the WR regions are identified. Figure 1 displays the optical image and the ΣHα map with boundaries of H II regions over-plotted for one of the star-forming galaxies, as an example. The fraction of star-forming galaxies in our work is smaller than those from previous studies. For instance, Hsieh et al. (2017) classified about half of MaNGA MPL4 galaxies as star-forming galaxies, adopting a specific star formation rate threshold. Therefore we would like to emphasize that, the fractions of star-forming galaxies and H II regions, as well as those of WR galaxies/regions to be identified below, should be taken as lower limits of the real fractions.
Spectrum stacking and full spectrum fitting
We stack the spectra within each H II region to obtain an average spectrum with high S/N. After applying DRP spectral masks, we expect very few abnormal values in spectra. Thus, we choose the "weighted mean" estimator for stacking, which is the statistically optimal choice to lower the noise. Spectra are weighted by their DRP spectral error provided at each wavelength point. We correct all spectra to the rest-frame, considering both the galaxy redshift and relative velocities of each spaxel. We choose stellar velocity from DAP rather than gas velocity traced by emission lines. This is meant for a better alignment of stellar components in H II regions, in order for a better continuum fitting in the next step. We understand this choice broadens the nebular emission lines in our stacked spectra, but the effects are minimal and insignificant for the scope of this work. This process effectively reduces the noise of our spectra, typically by about 25%. Covariance is treated following the formula in Law et al. (2016, Figure 16 ) for derivation of the stacked error. Basically, we first calculate the error without covariance by the standard formula in weighted mean statistics (when assuming equal input error, being a division of that error by N spectra ). Then we consider the effect of covariance by multiplying that error by a factor from the formula in Law et al. (2016) .
We then perform full spectral fitting to the stacked spectrum of each H II region. Our spectral fitting code is developed from Li et al. (2005) , which utilizes a set of nine stellar templates constructed by successively applying principal component analysis (PCA) to the observed stellar library STELIB (Le Borgne et al. 2003) and a representive sample of galactic spectra selected from SDSS. In this paper, we re-construct the stellar templates by applying PCA to the MILES single stellar population (SSP) models (Vazdekis et al. 2010 (Vazdekis et al. , 2015 , which includes 350 SSPs over 50 ages and 7 metallicity bins, assuming a Chariber IMF (Chabrier (2003) ). We adopt the first nine eigen-spectra from the PCA as our stellar templates, replacing the old templates in our spectral fitting code. For each H II region, we perform full spectral fitting using this code, masking out all possible emission lines as well as the wavelength range of the WR blue bump (4600 − 4750Å). Details about the fitting procedure and the emission line masking scheme can be found in Li et al. (2005) .
Identification of WR galaxies and WR regions
For each H II region we subtract the best-fit stellar spectrum obtained from the previous subsection from the stacked spectrum. We then estimate the significance of the blue bump σ bump , defined as
wheref bump is the average flux over the bump wavelength range 4600 − 4750Å,f base is the average of the baseline, and f rms is the root mean square of the spectrum around the baseline over two wavelength windows beside the bump: 4492 − 4542Å and 4760 − 4810Å.
The baseline should in principle be a horizontal line with zero flux thus giving rise to an average off base = 0, but the actual baseline always deviates from a zero line to some degrees due to imperfect spectral fitting. In order to take into account this effect, following Brinchmann et al. (2008) , we determine a local baseline with a linear fitting of the residual spectrum over 4492-4542Å and 4760-4810Å, and use it when estimating σ bump with Eqn. 1. We consider all the H II regions with σ bump > 5, ranking them by decreasing σ bump . We visually inspect the spectrum of each region, and classify them into four different catagories: a) a real WR region with broad emission components, b) a non-WR region with only narrow nebular emission lines, c) an active galactic nucleus (AGN) with obvious broad component in Hα and/or Hβ lines, or d) fluctuations due to noise. Figure 2 shows an example galaxy which contains a WR region at the center. The figure includes the optical image and the Hα surface brightness map of the galaxy, location (red area inside the hexagon in row 2 column 2), full original spectrum, zoomed-in original spectrum (one narrower and one wider) and zoomed-in residual (one narrower and one wider) of the WR region. As can be seen, the spectrum of the WR region presents very strong nebular emission lines and relatively stronger emission at shorter wavelengths, indicative of strong ongoing star formation.
We have visually examined about 3200 H II regions, of which 267 are identified to certainly present WR emission. The WR regions are distributed in 90 unique galaxies. We note that one of our WR galaxies is observed twice by MaNGA. In addition, out of the remaining H II regions, we have further selected a subset of 1609 tentative WR regions whose spectra show possible WR profiles but are too weak for comfirmation at this point, 244 regions with only narrow 4686Å He II emission and 57 suspicious quasi-WR features in red galaxies. These regions will be used for future studies.
The final catalog of WR galaxies containing their basic properties is presented in Table 1 . The table's columns are arranged in the following order: (1) sequence number of WR galaxies in this catalog; (2) MaNGA-ID for unique idendification of MaNGA galaxies, (3) plate-ifu ID for MaNGA galaxies, (4) the number of WR regions contained in each WR galaxy, (5) right ascension, (6) declination, (7) redshift from NSA catalog, (8) Sérsic stellar mass from NSA catalog (we adopt h=0.7), (9) Sérsic index from NSA catalog, (10) T -type morphological value from Domínguez Sánchez et al. (2018) , (11) NUV-r color from NSA catalog. 3. GLOBAL PROPERITES OF WR HOST GALAXIES 3.1. Stellar mass function of WR galaxies Figure 3 displays the WR galaxies in the plane of stellar mass (assuming h=0.7) versus redshift. For comparison, the distribution of all galaxies in MaNGA MPL-7 is plotted as grey-scale background. Stellar masses and redshifts of all galaxies in this figure are taken from the the NSA (see § 2). MaNGA MPL-7 galaxies are distributed in two narrow bands which correspond to the Primary Sample (lower redshifts at given mass) and the Secondary Sample (higher redshifts at given mass) as described in § 2.1. Our WR catalog generally follows the distribution of parent MaNGA sample, but biased to lower redshifts with z 0.06 and intermediate-to-low masses with M * 10 11 M . This might be reflecting the fact that WR regions of similar sizes can be more visible if hosted by more nearby galaxies. Furthermore, at fixed redshift, the WR galaxies on average appear to be less massive than MaNGA MPL-7 galaxies, an effect that is more pronounced for the Secondary Sample. This might be attributed to selection bias, or a real trend for WR regions to be preferentially found in relatively lowmass galaxies. We will come back to this point in a later subsection.
Taking advantage of the relatively large sample size as well as the well-understood selection effects of our WR catalog, we have estimated for the first time the stellar mass function of WR galaxies, plotted as blue symbols in Figure 4 . For comparison, we have estimated the stellar mass function of the general population of galaxies using MaNGA MPL-7 sample, and that of star-forming galaxies using our H II catalog. When estimating the stellar mass functions, we have corrected the effect of sample incompletness due to selections using the weights accompanying the MPL-7 release and described in detail in the Appendix of Wake et al. (2017) . We only use the Primary Sample and its corresponding weights in Figure 4 for better statistics at the low mass end. The errors of the mass functions are Poisson counting error. Figure 3 . Distribution of WR galaxies in redshift-mass diagram. The grey shading represents the distribution of MaNGA galaxies. The blue dots are WR galaxies in our catalog. In Table 2 we tabulate the stellar mass function estimate of our WR galaxy catalog and its ratio to the general galaxy population. Like the stellar mass function of general population, the mass function of WR galaxies can be well described by a Schechter function (Schechter 1976 ). In the figure we plot the best-fit Schechter function, for which the three parameters are: amplitude φ * = 0.000157 Mpc −3 , characteristic mass log 10 (M * /M ) = 10.332, and the faint-end slope α = -0.905. The integral of this Schechter function over the mass range of 10 9 M < M * < 10 11.5 M gives an average number density of 3.47 × 10 −4 M pc −3 for the WR galaxies in the Local Universe. This should be regarded as a lower limit of the real number density, considering that we may have missed some weak WR regions due to the limited data quality and selection effects.
As can be seen from Figure 4 , the stellar mass function of WR galaxies is well determined over about two WR identification fraction WR fraction in MaNGA WR fraction in star-forming galaxies Figure 5 . The detection fraction of WR galaxies in different mass bins, with respect to the general galaxy population (blue symbols) and the star-forming galaxy sample defined in this work (see § 2.3; cyan symbols). The errorbar shows Poisson counting error.
orders of magnitude in mass, from ∼ 10 9 M up to ∼ 10 11 M . The WR galaxy sample appears to keep the same shape over the entire mass range as the general population in terms of both the flat slope at the low-mass end and the sharp decline at the massive end. However, as expected, the amplitude of the mass function of WR galaxies is much lower than the whole galaxy . The grey shading is MaNGA sample corrected by galaxy weights. The blue dots are WR galaxies with S0 type WR galaxies highlighted with an additional red circle. The color and mass values are from NSA catalog. The cyan dotted lines indicate the empirical boundaries of blue cloud galaxies (lower), green valley (middle) and red sequence galaxies (upper).
population, with a ratio of ∼ 10 −2 at all masses. Comparing the number density of WR galaxies as given by the Schechter function above with the number density from the stellar mass function of general galaxies (e.g.
Li & White 2009), we estimate that the average WR galaxy fration is 1.4%. This result echos the known and expected fact that WR galaxies form a rather rare population in the Local Universe. This is more clearly shown in Figure 5 which plots the ratio of the mass function of the WR sample with respect to the general galaxy population (blue symbols) and the star-forming galaxy sample (cyan symbols). The WR population is most abundant at M * ∼ 10 9.7 M , with a maximum fraction of ∼4%. The fraction of WR galaxies decreases at both higher and lower masses, down to ∼ 2% at ∼ 10 9.5 M and ∼ 0.2% at above 10 11 M . Figure 6 displays the WR galaxies on the N U V − r versus stellar mass diagram. MaNGA MPL-7 sample is plotted as grey-scale background for comparison. We have corrected the effect of MaNGA sample selection by weighting the MPL-7 galaxies using the weights provided by Wake et al. (2017) . In addition, we have selected a volume-limited sample of galaxies from the NSA with redshifts z < 0.03 and stellar masses M * > 10 9 M . The distribution of this sample is shown as contours in the figure. The well-known bimodal distribution of galaxies in the color space is clearly seen in both the MaNGA and the NSA sample, where the galaxies are separated into two populations: the red sequence with N U V − r 5 and the blue cloud with N U V − r 4, with an intermediate population falling in the green valley. In contrast, the WR galaxies are found exclusievely in the blue cloud, mostly with N U V − r 3. The WR galaxies are more massive than the NSA galaxies of similar colors. Figure 7 displays the distribution of the same samples in the diagram of star formation rate (SFR) versus stellar mass. Estimates of SFRs are taken from the MPA-JHU SDSS database 5 , provided by Brinchmann et al. (2004) . The same weighting correction is applied to MaNGA galaxies and the same criteria as previous is adopted for a volume-limited subsample drawn from MPA-JHU catalog. Similarly to the previous figure, the bimodality of general galaxies from both MaNGA MPL-7 and MPA-JHU is well reproduced, with galaxies of higher SFRs at fixed mass falling in the star-forming main sequence and those of lower SFRs falling in the quenched sequence. WR galaxies are located at the top end of the general-population, with highest SFRs at fixed mass. The two figures are consistent with each other, telling us a simple, expected fact that WR regions are found exclusively in strongly star-forming galaxies which are predominantely blue. T -type value is an indicator of morphology type with negative values indicating early-type morphologies and positive values being late-type morphologies. All early-type WR galaxies are found to be S0 galaxies.
Stellar population properties
Morphology and structural properties
Now we examine the morphology and structural properties of the WR galaxies. For this, we adopt the morphology classification from Domínguez Sánchez et al. (2018) which determines the T -type value for each galaxy in SDSS DR7 by Convolutional Neural Networks (CNNs). The input of the CNNs are raw RGB cutouts from SDSS and they trained the CNNs with two visual classification catalogues: GZ (Willett et al. 2013 ) and Nair & Abraham (2010) . Galaxies with a negative Ttype value usually have an early-type morphology (elliptical or S0 type), while a positive T -type value indicates a late-type galaxy. Figure 8 shows the histogram of T -type values for both MaNGA MPL-7 sample and our WR galaxy catalog. We have corrected the effect of sample selection for both samples using the weights from Wake et al. (2017) as in previous figures. We find both samples to cover the full range of T -type, while the WR sample tend to have a slightly higher fraction of latetype galaxies. This can be understood considering that the majority of the WR sample are star-forming galaxies (see above). Out of the 90 WR galaxies in our sample, 10 are negative in T -type, indicative of early-type morphology. By further checking the S0 probability provided by Domínguez Sánchez et al. (2018) and visually examining their optical images, we find all of them are lenticular (S0-type) galaxies. These galaxies are highlighted with red circles in Figure 6 and Figure 7 , as well as the following Figure 9 . 
Sersic index
Grey shading: MaNGA galaxy Contours: volume-limited subsample from NSA WR catalog S0 WR Figure 9 . The distribution of sérsic index vs mass. The contours are the volume-limited subsample from NSA catalog, the grey shading is corrected MaNGA sample and the blue dots are WR galaxies with S0 type WR galaxies highlighted with an additional red circle. n = 6 is the manual upper limit in fitting and this causes some pile-up at the top.
In Figure 9 we show the distribution of galaxies in the plane of Sérsic index n versus stellar mass, for the WR sample, the corrected MaNGA MPL-7 and the volumelimited subsample drawn from NSA catalog. The Sérsic index is defined as the power law index in fitting the radial profile of galaxy surface brightness, as initially suggested by Sérsic (1963) . An index of n = 1 represents the typical exponentially-declining profile of late-type spiral galaxies, while n = 4 gives the deVaucouleurs profile as an approximation for elliptical galaxies. Consistent with the histogram of T type shown in the previous figure, Figure 9 shows that the WR sample is dominated by late-type galaxies with n 3, although a small fraction are described by a relatively steep profile indicating early-type morphology. The 10 galaxies of S0 type are highlighted as red circles in the figure. We note that a handful of galaxies have n ∼ 6 which is the upper limit set in the fitting algorithm; these galaxies are not well fitted for some reason and should be ignored in our discussion here.
Finally, we separate the WR galaxies in interacting systems from the non-interacting WR galaxies using the pair galaxy catalog from Fu et al. (2018) , who identified interacting and merging galaxies in MaNGA MPL5 and later extended to MaNGA MPL6 (basically identical to MPL7) by the criteria of "projected separations less than 30 kpc, radial velocity offsets less than 600 km s −1 , and mass ratios greater than 0.1". We find 43 out of the 90 WR galaxies (47.8%) to be interacting galaxies or mergers, a fraction that is much higher than that of the general population. This strongly suggests that the WR galaxies, as identified usually with strong star formation, are closely associated with galaxy-galaxy interactions. This finding is consistent with the known effect that tidal interactions between galaxies can effectively enhance the star formation in galactic centers (e.g. Li et al. 2008 Zhang et al. (2007) selected 174 WR galaxies from SDSS data release 3 (DR3), while Brinchmann et al. (2008) selected 570 WR galaxies from SDSS data release 6 (DR6). The fractions of WR galaxies are 0.05% and 0.08% without correcting for incompleteness due to flux limit or other selection effects. The SDSS observed only the central 1-2 kpc of the galaxies using a single fiber of 3 diameter. Out of the 90 WR galaxies selected from the MaNGA MPL-7 in this work, we find 46 galaxies to have a central WR region, i.e. they have at least one WR region whose center spaxel is located within the central 3 -diameter region. Among these 46 galaxies, 39 are in SDSS DR6, whiles others are added from SDSS DR7 or the SDSS-III BOSS project. Of the 39 galaxies, only 7 are included in the catalog of Zhang et al. (2007) or Brinchmann et al. (2008) . In other words, the SDSSbased catalogs have missed most of the WR galaxies from MaNGA (i.e. 32/39), even when we only consider the WR regions in galactic centers.
In order to understand why the SDSS-based studies failed to identify these 32 galaxies, we have done a one-to-one comparison between SDSS data and MaNGA data, and we find multiple reasons. Before we start the detailed comparison, for six galaxies, we find the SDSS fiber was positioned on an off-center region, and so the central WR region is outside the SDSS fiber but covered by the MaNGA IFU. These six galaxies should not be counted as missing WR galaxies in previous studies.
In the remaining 26 comparisons, first of all, about 70% of the missing galaxies (18/26) should be attributed to the low S/N of the SDSS spectra. In Figure 10 , as an example, row No.1-2 show spectra and WR bumps of the central WR region from MaNGA (left-most panel) and the SDSS spectrum of the same galaxy (right-most panel). The upper panels show the observed spectrum and the best-fit stellar spectrum from 4000-5250Å, and the lower panels show the starlight-subtracted spectrum over the WR bump wavelengths. We obtain the best-fit stellar spectrum for all the cases using our fitting code (see § 2.4). We note that the central WR region may cover different area than the SDSS fiber, and the spectra from the two surveys have different S/N. To have a more direct comparison, we have obtained the integrated spectrum over the central 3 -diameter region (i.e. the same as covered by the SDSS fiber) with our stacking code from the MaNGA datacube. The observed, bestfit and residual spectra are shown in the second column in which the WR feature is similarly seen. The third column shows the MaNGA spectra of the central 3diameter region again, but random noise is added to the observed spectrum so as to have the same S/N as the SDSS spectrum. As can be seen, like the SDSS spectrum, the WR bump becomes very weak and the region would be unlikely to be identified as a WR region.
For the remaining eight galaxies, we find five galaxies can also be attributed to their low spectral S/N, but in a different manner -they were missed due to uncertainties in the spectral fitting of low quality spectra. Row No. 3-4 of Figure 10 shows an example galaxy in this case. For this galaxy, the WR bump is still significant (though weaker) after the S/N of the spectrum is reduced to match the S/N of the SDSS spectrum. However, the residual spectrum of the SDSS shows almost no feature in the WR wavelength window. Looking closely at the upper panels in the third and the last column of the second row, we find the best-fit stellar spectra indeed differ slightly. This indicates that the identification of WR features could be affected by spectral fitting especially when the S/N of the spectrum is relatively low. Finally, for the last three galaxies, we find their WR feature remains after the S/N is reduced, and this is true also for the SDSS spectrum. Row No. 5-6 of the figure displays one of the three galaxies as an example. They were missed by previous studies possibly because of different criteria in visual inspection, their different fitting recipes or other serendipitous reasons.
We conclude that the much lower detection rate of WR galaxies in the SDSS is caused by multiple reasons. Among all reasons, the limited spatial coverage of the single-fiber spectroscopy and the relatively low spectral S/N are the main reasons, which can respectively explain about a half and 70% in the remaining half of WR galaxies that were missed in previous SDSS-based studies.
We should point out that, there is only one galaxy which was identified to be a WR galaxy in SDSS-based studies but is not included in our WR galaxy catalog. The observed, best-fit and residual spectra of this galaxy are shown in the bottom two rows of Figure 10 . As can be seen, the galaxy presents a blue bump in all cases, indeed, although it appears to be more pronounced in the SDSS spectrum. This galaxy is missed in our case, likely due to the relatively strict criterion of our visual inspection. We tend not to add this galaxy to our catalog to keep the consistency of our selection procedure. Rest-frame 0 5 10 Figure 10 . Comparison with SDSS spectra. Four sets of panels are shown. Each set is one example galaxy of the following categories: WR galaxies missed by SDSS studies purely due to low spectral S/N, WR galaxies missed by SDSS studies due to a difference in fitting models (also related to low spectral S/N), WR galaxies showing WR features even in SDSS spectra but missed by SDSS studies due to unclear reasons, and one WR galaxy identified by SDSS studies but missed by this work. In each set, the top row shows the observed spectra and the respective fitting models for them, and the bottom row shows the residual spectra in the zoom-in WR wavelength range with a tentative WR bump fitting. The first column in each set shows the central WR region; the second column is the stacked central 3 -diameter spectrum; the third column is the degraded second column to match the S/N of the fourth column, which is the original SDSS spectra.
We should keep in mind, however, that the detection fraction of WR galaxies in our study should be regarded as a lower limit, although it is much closer to the real fraction when compared to the SDSS catalogs.
Comparison with CALIFA-based catalog
Although the MaNGA sample gives a much higher detection rate than previous SDSS samples, the WR galaxy fraction (1 − 2% at most stellar masses, see Figure 5) is a bit too low when compared to the CALIFA sample which includes a fraction of ∼4.5% WR galaxies (Miralles-Caballero et al. 2016) . This difference can be explored from a couple of factors. The first is the different spatial coverages of the CALIFA and MaNGA IFUs. Although CALIFA covers galaxies out to their 3-4 R e , which is larger than the 1.5R e and 2.5R e covered by the MaNGA Primary and Secondary samples, we find that all WR regions in CALIFA galaxies are located within 1.5 R e . Therefore, the spatial coverage of the IFUs should not cause any difference in the WR galaxy fraction. Secondly, we consider the possible effect of the different spatial resolutions. The angular resolutions are 2.5 for both surveys (Law et al. 2016; García-Benito et al. 2015) . Given the different redshifts and field of views of the two surveys, the physical resolution (in unit of kpc) and the relative resolution (in unit of R e ) could both be different. We discuss these two factors below.
The physical resolution is mainly determined by redshift given the same angular resolution. We find that most CALIFA WR galaxies (11 out of 15 from the main sample, 20 out of 25 from the entire sample) are below z = 0.01 while MaNGA galaxy sample has a lower limit of z = 0.01. The CALIFA parent sample has an approximately uniform distribution from z = 0 to z = 0.03. Therefore, it is apparent that when we limit the redshift range to 0.01 < z < 0.03, CALIFA detection rate becomes pretty low. As for MaNGA, the volume-corrected detection rate in 0.01 < z < 0.03 increase to 2.28%, due to a better physical resolution at lower redshift. In z=0.01-0.02, see Figure 11 , MaNGA and CALIFA have very similar WR fraction. In z=0.02-0.03, CALIFA has no WR galaxy detected, maybe due to Poisson fluctuation with its relatively small sample size. The much higher detection rate from CALIFA at z < 0.01 may imply the real WR galaxy rate is still higher than the fraction of CALIFA and MaNGA studies. Overall, due to small number statistics, we are not sure whether the high overall fraction of CALIFA WR is entirely due to the contribution from z = 0 − 0.01.
Then we consider the relative resolution. With the CALIFA field of view and survey design, the angular 
WR fraction
MaNGA CALIFA Figure 11 . WR fraction as a function of redshift for both MaNGA (blue dots) and CALIFA (orange stars) catalogs. Both fractions have been applied the volume correction.
diameter of its galaxies are typically 2-4 times larger than MaNGA galaxies. So with the same angular resolution, CALIFA sample have a better relative resolution with regard to R e . Since the overlap of galaxy size between CALIFA and MaNGA is pretty small, we can hardly construct subsamples from the two surveys with the same distribution, and thus we resort to another approach for testing this factor. We divide MaNGA sample into different size bins and examine whether the detection rate has a trend with galaxy size. Because size itself is dependent on mass and WR detection rate varies significantly with mass, we control mass when comparing WR detection rate with size. Generally we see a slight decrease of detection rate towards larger galaxy sizes, on the contrary to the higher detection rate of CALIFA with its larger galaxy sizes. Since galaxy size is also dependent on multiple other parameters and there is large uncertainty on the trend, we limit our discussion to this phenomenological trend alone and leave the physical interpretation to future studies. Next, we consider the difference in parameter distributions of galaxies in the two surveys which may also contribute to the different detection rates. Both CAL-IFA and MaNGA consist of a main sample and some ancillary programs. The ancillary programs mostly target peculiar galaxies and therefore increase the uncertainty and difficulty of constraining the WR fraction. For this reason, we limit our discussion here to WR galaxy fraction in main samples of the two surveys. For CALIFA we discard the extension sample, and for MaNGA, we keep the primary sample and secondary sample while excluding the color-enhanced sample and galaxies from ancillary programs. For the CALIFA sample, 15 out of the 25 WR galaxies are from its 448 main sample galaxies (Miralles-Caballero et al. 2016 ). In the case of MaNGA, 60 out of the 90 WR galaxies are from its 3735 unique Primary or Secondary sample galaxies. Without any corrections, the WR galaxy fraction is 3.35% and 1.61% for CALIFA and MaNGA, respectively. Considering the mass dependence of the WR galalaxy detection as shown in Figure 4 , we construct a control sample of galaxies from the MaNGA Primary and Secondary samples that have the same distribution in stellar mass as the CALIFA main sample. We find a WR galaxy fraction of 1.26 ± 0.14% in this control sample. Furthermore, we require the control sample of MaNGA galaxies to have the same distribution as CALIFA in both stellar mass and N U V − r color, to take into account potential effect of different colors of the two samples. To this end, we have trimmed both samples so that they have similar distributions of galaxies in the two-dimensional masscolor space. The resulting WR galaxy fractions are 1.63 ± 0.24% for MaNGA and 3.68 ± 0.95% for CALIFA. The errors are Poisson counting error. Therefore, we conclude that the different WR galaxy detection rates between the two surveys are not caused by the different properties of the galaxies.
Also, MaNGA and CALIFA spectra have similar S/N distribution. Therefore, S/N should not be a significant reason for the difference in WR fraction.
Finally, we notice that the WR galaxy catalogs from both CALIFA and MaNGA have a large fraction of mergering systems. We use Walcher et al. (2014) for classification of CALIFA galaxies and the extended version of Fu et al. (2018) for classification of MaNGA galaxies. By separating mergers and isolated galaxies, we find the WR fraction in isolated galaxies is 3.15 ± 0.8% for CALIFA and 1.41 ± 0.20% for MaNGA. Errors are Poisson counting errors. The difference is still significant. Therefore, we claim the difference in WR fractions of the two surveys is unlikely to be caused by the merger fraction in their parent samples. But we also want to point out that due to the small numbers in statistics and the subjectivity in classification of mergers, we still need better data and classification to explore the effect of mergers on WR fraction in the future.
To conclude, the higher WR galaxy fraction in the CALIFA sample may be explained mainly by the inclusion of galaxies at z < 0.01. Above the MaNGA redshift limit z = 0.01, the WR galaxy fractions from the two surveys are actually very similar. Other factors, whether physical or instrumental, do not have a clear or significant contribution in the difference between this work and CALIFA WR catalog.
Abundance of WR galaxies
Throughout the construction of this catalog, we put much emphasis on purity, especially in the careful choice of full spectrum fitting recipe and visual inspection. As for the completeness, we suspect that there should always be some weak WR population that is beneath the detection capability of our data quality. For example, in the determination of H II regions, we adpot a high threshold for Hα surface brightness, which may possibly miss some WR regions. Therefore, our WR fraction of 1.9 ± 0.2% shoule be considered as lower limits of the real fractions. The higher WR detection rate of CALIFA, as discussed above, also indicates that the WR galaxy fraction could be even higher if IFU surveys with higher resolution and S/N are avaialble.
Coexistence of WR features and Active Galactic Nuclei
There are three WR galaxies in our catalog that show either AGN-like broad emission lines or Seyfert line ratios on the BPT diagram (Baldwin et al. 1981; Kewley et al. 2001; Kauffmann et al. 2003; Kewley et al. 2006) . For example, the outlier at redshift z 0.11 in Figure 3 is one of them. We carefully examined the spectra, spatially-resolved BPT diagram, Fe emission line template from (Véron-Cetty et al. 2004 ), etc. We conclude all these galaxies show real WR features with possible simultaneous existence of AGN. For example, galaxy 8626-12704 has a clear WR red bump. We also find a few WR regions classified as "composite of starforming and AGN activities" on the BPT diagram and these galaxies may carry specific scientific interest. With the coexistence of WR population and AGN, it is possible to study the interaction between AGN and recent star-formation in the future.
Red bump
As mentioned earlier, besides the blue bump, WR stars also form a red bump around 5800Å with C and N broad emission lines. Normally the red bump feature is weaker than the blue bump. With our WR catalog, we visually examine the wavelength range of the red bump and find 39 WR regions from 24 WR galaxies show red bumps. The weakness of the red bump is not only reflected in the small number of occurrence but also in the significance of individual occurrences, and therefore these identifications carry higher uncertainty compared to the blue bump identifications. With these red bumps, together with information from the blue bumps, we can further derive the ratio among different WR subtypes. We will leave this part to the parallel paper discussing spatially resolved properties of WR regions (Liang et al. in prep) .
CONCLUSIONS
In this work we have carried out a thorough search for WR galaxies from MaNGA MPL7 (i.e. SDSS DR15) data. We develop a two-step searching scheme to tackle the challenge of the weakness of WR features. We start by identifying H II regions in the MaNGA datacubes. We obtain a high S/N spectrum for each region by stacking the original spectra, and perform full spectral fitting to the stacked spectrum. Next, we visually examine the starlight-subtracted spectrum of all the H II regions, and identify WR regions according to the presence of a blue bump at 4600 − 4750Å as signature of the WR stars. The resulting WR cataolog consists of 267 WR regions, distributed in 90 WR galaxies, which is 1.9% of the parent sample. This fraction is much higher than previous stuidies based on single fiber SDSS data, and similar to the recent study based on CALIFA IFU data. Through detailed comparisons with SDSS and CALIFA surveys, we evaluate the impact of different survey parameters on WR fraction, and show consistency between this work and previous studies. We have examined the global properties of the WR galaxies, and for the first time estimated the stellar mass function of WR galaxies.
Our main conclusions can be summarized as follows.
• WR regions are exclusively found in galaxies that show bluest colors and highest star formation rates for their mass, as well as late-type dominated morphologies and lower-than-average Sérsic indices.
• The stellar mass function of WR galaxies can well be described by a Schechter function with amplitude φ * = 0.000157 Mpc −3 , characteristic mass log 10 (M * /M ) = 10.332, and the faint-end slope α = -0.905. This gives rise to an average number density of 3.47 × 10 −4 M pc −3 and an average detection rate of 1.4% with respect to the general population of galaxies in the Local Universe. The detection rate shows weak dependence on stellar mass, with a maximum of ∼ 4% at M * ∼ 10 9.7 M .
• The small fraction of WR galaxies found previously in SDSS-based samples is attributed mainly to two facts. One is the single-fiber spectroscopy covering a limited central region of galaxies. The second fact is the lower S/N of the SDSS spectra compared to MaNGA. About half of our WR galaxies show WR features in their centers, but most of them were missed by previous SDSS studies due to the low S/N of the SDSS spectra.
• The CALIFA finds a higher fraction of WR galaxies than MaNGA mainly due to the inclusion of galaxies at z < 0.01, which have better spatial resolution (in unit of pc) than galaxies at higher redshift.
There are still some limitations of this study for future improvements. Although MaNGA has its unique advantage of a large sample size, allowing us to construct a large catalog of new WR galaxies, its S/N and spatial resolution are not ideal for WR search. Random error of spectra may cause false positive identification in a few cases while the current spatial resolution may lead to loss of some compact WR regions due to dilution effect. Furthermore, the weak WR feature is very sensitive to full spectrum fitting recipe. The flux calibration of fitting templates, the masking of emission lines, the fitting code and fitting procedure in use, etc. may all affect the WR feature in the fitting residual. In the future, better templates such as SSPs derived from MaStar stellar library (Nair & Abraham 2010) and deeper exposure will probably improve this study. Nevertheless, our catalog includes a large number of WR regions from galaxies covering wide ranges in mass and color, and so it should be able to form a good basis for many future studies. In fact, the current paper is the first of a series of works in which we will perform extensive studies of the WR regions/galaxies. In particular, the next paper will be focused on the resolved mass-metallicity relation of the WR regions, as well as implications of the WR features on the metallicity dependent variation of stellar initial mass function (Liang et al. in prep.) .
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